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Abstract: This study aims to evaluate the utilization and effectiveness of artificial intelligence (AI)
applications in managing symptoms of anxiety and depression. The primary objectives are to
identify current Al tools, analyze their practicality and efficacy, and assess their potential benefits
and risks. A comprehensive literature review was conducted using databases such as ScienceDirect,
Google Scholar, PubMed, and ResearchGate, focusing on publications from the last five years. The
search utilized keywords including “artificial intelligence,” “applications,” “mental health,”
“anxiety,” “LLMs” and “depression”. Various Al tools, including chatbots, mobile applications,
wearables, virtual reality settings, and large language models (LLMs), were examined and
categorized based on their functions in mental health care. The findings indicate that Al
applications, including LLMs, show significant promise in symptom management, offering
accessible and personalized interventions that can complement traditional mental health
treatments. Tools such as Al-driven chatbots, mobile apps, and LLMs have demonstrated efficacy
in reducing symptoms of anxiety and depression, improving user engagement and mental health
outcomes. LLMs, in particular, have shown potential in enhancing therapeutic chatbots, diagnostic
tools, and personalized treatment plans by providing immediate support and resources, thus
reducing the workload on mental health professionals. However, limitations include concerns over
data privacy, the potential for over-reliance on technology, and the need for human oversight to
ensure comprehensive care. Ethical considerations, such as data security and the balance between
Al and human interaction, were also addressed. The study concludes that while AL including LLMs,
has the potential to significantly aid mental health care, it should be used as a complement to, rather
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than a replacement for, human therapists. Future research should focus on enhancing data security
measures, integrating Al tools with traditional therapeutic methods, and exploring the long-term
effects of Al interventions on mental health. Further investigation is also needed to evaluate the
effectiveness of Al applications across diverse populations and settings.

Keywords: Artificial intelligence; machine learning; LLMs; depression; anxiety; mental health

1. Introduction

Stress and depression are very prevalent mental diseases that have a global impact, impacting
individuals across all age groups, genders, and socio-economic status. [49]. Although these physical
conditions have unique features, they frequently occur together and exhibit similar symptoms, which
complicates the process of diagnosing and treating them. Anxiety and depression are complex mental
health diseases that are defined by enduring feelings of unease, unhappiness, and a decline in
everyday functioning. Anxiety often encompasses an excessive and disproportionate level of worry
or anxiety towards future events, circumstances, or results [38]. Individuals suffering from anxiety
may encounter physiological manifestations such as increased heart rate, perspiration, trembling,
gastrointestinal distress, and muscular strain. Anxiety disorders encompass several sub-categories,
including generalized anxiety, panic disorder, social anxiety disorder, and particular phobias. Each
sub-category exhibits distinct symptoms and is triggered by certain stimuli [25].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Conversely, depression is characterized by enduring emotions of melancholy, hopelessness, and
insignificance, coupled by a diminished enjoyment or interest in things that persons formerly
engaged in [81]. Patients may also exhibit alterations in eating or weight, sleep disturbances,
weariness, cognitive impairment, and persistent contemplations of death or suicide. The classification
of depressive disorders is based on the specific symptoms exhibited by the individual. These
disorders include Major Depressive illness, Dysthymic Disorder (DIS), Bipolar Disorders,
Cyclothymic Disorder, and depressive illness that is not further characterized.

The incidence of anxiety and depression has markedly increased in recent decades. As per the
World Health Organization (WHO), depression is the primary contributor to global disability,
impacting over 280 million individuals, which is about equivalent to the prevalence of anxiety
disorders [5]. These illnesses can manifest at any age, although they typically emerge during
adolescence or early adulthood. Moreover, women experience a higher prevalence of anxiety and
depression in comparison to males, with hormonal, social, and cultural variables contributing to this
disparity [6]. The occurrence of anxiety and depression is associated with several variables, such as
genetic susceptibility, environmental stressors, traumatic events, socio-economic status, and
availability of mental health resources. Furthermore, the COVID-19 pandemic has worsened the
occurrence of these diseases, resulting in heightened levels of stress, uncertainty, social isolation, and
financial hardships, therefore strengthening pre-existing mental health concerns [5]. The fast
advancement of technology and the widespread use of social media have had a substantial impact
on individuals’ mental health. This is due to longer exposure to digital displays and increased
isolation, which can lead to feelings of unhappiness [64].

Addressing anxiety and depression necessitates a comprehensive strategy that encompasses
timely identification, availability of high-quality mental healthcare, destigmatization efforts, and all-
encompassing support systems [23]. Based on the information provided, we will now examine how
technology might help alleviate the symptoms of anxiety and sadness. The objective of this study is
to examine the influence of new technologies, such as machine learning, and mobile therapy
applications on the identification and management of symptoms associated with these two mental
diseases. Special attention will be given to the accessibility of these technologies, as well as the
potential hazards associated with the handling of personal data. This objective results in the creation
of the research inquiries, which will serve as the foundation for the whole research project. Therefore,
the following are explicitly defined:

e  Can artificial intelligence aid in the identification and management of symptoms associated
with anxiety and depression?

e Which artificial intelligence techniques are currently employed for symptom management of
anxiety and depression, and how is their efficacy evaluated?

e  What potential benefits and dangers are arising from the utilization of these technologies by
individuals and healthcare practitioners?

In order to answer these research questions, a review of the available scientific literature will be
carried out. The completion of this research is expected to initially clarify how artificial intelligence
tools and the individual technologies embedded in them help identify and manage symptoms of
anxiety and depression. Furthermore, conclusions are expected to be drawn regarding their
effectiveness in different user groups and disorders (anxiety, depression), as well as the potential
risks posed by their use.

The Materials and Methods should be described with sufficient details to allow others to
replicate and build on the published results. Please note that the publication of your manuscript
implies that you must make all materials, data, computer code, and protocols associated with the
publication available to readers. Please disclose at the submission stage any restrictions on the
availability of materials or information. New methods and protocols should be described in detail
while well-established methods can be briefly described and appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
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the accession numbers have not yet been obtained at the time of submission, please state that they
will be provided during review. They must be provided prior to publication. Interventionary studies
involving animals or humans, and other studies that require ethical approval, must list the authority
that provided approval and the corresponding ethical approval code.

2. Background: The Role of Informatics and Al in Mental Health

Information ML tools have been a powerful force in recent years, fundamentally changing how
people, communities, and organizations tackle mental health issues. Technology integration not only
affects projects, but also brings novel methods to raise awareness, diminish stigma, and enhance
support for individuals with mental problems [48]. Simultaneously, the proliferation of mobile
applications specifically designed for mental health has significantly transformed how individuals
manage their overall well-being. These applications provide customized resources for individuals to
engage in self-reflection, self-control, and emotional assistance, ranging from mood tracking to
guided meditation [58]. Furthermore, several applications are utilizing artificial intelligence to offer
tailored treatments. This model has the potential to enhance mental health services by extending their
coverage and decreasing the need for physicians [18]. Artificial intelligence integrated into digital
apps primarily serves the purpose of providing self-help and guided cognitive behavioral therapy
(CBT) for those experiencing anxiety and depression [72]. Interactive artificial intelligence has the
potential to effectively manage and provide real-time treatment for mental health conditions. It can
help and, in certain cases, even replace obsolete, overburdened, or inadequate mental health systems
[2]. Obstacles to the utilization of AI'in mental health encompass factors such as accessibility, efficacy,
dependability, user-friendliness, safety, ethical considerations, suitable education, and cultural
adaptation. Applications, real-time machine learning techniques, immersion technologies, and digital
phenotyping are very promising opportunities. Within a broader framework, there is a recognized
requirement for improved efficiency and speed in handling tasks, along with more machine
interaction and automation. Additionally, there is a need for more rigorous evaluation of
effectiveness and the adoption of mixed, hybrid, or tiered care as a complementary strategy [11].
Modelling hu-man-machine interaction may aid in the design and development of user-friendly
apps. It can also assist in identifying and addressing disparities in mental health treatment and
suicide prevention and contribute to the digital therapeutic alliance [7].

Machine learning, which refers to computers acquiring knowledge and improving their
performance without being explicitly programmed, has become a significant catalyst for
advancements in healthcare [12]. Machine learning approaches aim to surpass human performance
in many tasks by using the continuous growth in computer power and the abundance of massive
datasets to derive valuable insights [14]. Within the healthcare field, this improves the process of
making clinical decisions on treatment and diagnosis, hence facilitating the provision of
individualized care to patients. Specifically, cognitive behavioral therapy, a commonly employed
method, exhibits limited efficacy in addressing specific mental health disorders. Utilizing machine
learning on large patient datasets in mental health therapy has the potential to offer valuable
information on which patient profiles are most inclined to exhibit good responses to particular
therapies [68]. Identifying these individuals early on during therapy might result in better outcomes
by providing alternate or more comprehensive kinds of assistance. A difficulty faced by physicians
in diagnosing patients is that their interactions provide just a fleeting glimpse into an individual’s
mental condition, but mood disorders are characterized by their dynamic and ever-changing nature
[73]. Presently, the psychiatric assessment of patients involves the careful monitoring of their mental
condition and the administration of subjective self-report questionnaires. These procedures are
subjective, arduous to replicate, and can be time intensive. Al has the capability to facilitate the use
of other techniques, such as audio and video analysis, which are more impartial and could offer
superior forecast accuracy. Psychiatric treatment, including both severe cases and less severe
instances, is provided on an outpatient basis. Therefore, receiving further follow-up care in the
community would offer substantial advantages. The timely identification and proactive measures to
avoid recurrence can greatly influence the results [50].
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2. Methods

This study employed a comprehensive and systematic approach to examine the current
landscape of artificial intelligence (AI) applications utilized for identifying and managing symptoms
of anxiety and depression. The methodology was structured as follows. A comprehensive overview
was conducted using a range of reputable databases and platforms, including ScienceDirect, Google
Scholar, PubMed, ResearchGate, and theresanaiforthat.com. The search was guided by specific
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keywords: “artificial intelligence,” “applications,” “mental health,” “anxiety,” and “depression” [48].
The inclusion criteria focused on studies published within the last five years to ensure the most recent
advancements in the field were considered [10]. Studies were selected based on their relevance to Al
applications in mental health, specifically targeting anxiety and depression. Both qualitative and
quantitative studies were included to provide a broad perspective. Articles were screened for their
methodological rigor and relevance, ensuring high-quality sources formed the basis of the review
[57]. Key information from the selected studies was extracted systematically, focusing on the features,
utilization, and outcomes of Al applications in mental health. The extracted data were synthesized to
identify common themes, patterns, and insights regarding the efficacy and practicality of these
applications [26].

An extensive analysis of many websites and digital platforms was carried out to discover the
existing Al technologies in the market that may be used for the management of anxiety and
depression. The technologies listed included chatbots and mobile wellness apps. Additionally, a
comprehensive analysis of websites was conducted to identify programs that are currently available
on the market. After documenting these tools that may be easily accessed, they were then categorized
and thoroughly examined to determine their usefulness and effectiveness, using the data as a
foundation. All the sources used were written in a foreign language, mostly English. The papers and
websites considered in this research were mostly published during the last five years. This implies
that the collected data reflects the latest progress in the field of artificial intelligence for mental health
care, with a special emphasis on commonly used applications. Considerable emphasis was placed on
the collection and documentation of data, as well as the rigorous and comprehensive analysis of the
data, in order to get significant insights pertaining to the issue under investigation.

The identified Al tools were categorized based on their primary functions and applications in
mental health care. Categories included diagnostic tools, therapeutic interventions, and self-help
resources. Each tool was rigorously analyzed for its practicality and efficacy. This involved assessing
user experience, accessibility, data security, and the overall impact on mental health outcomes [58].
The analysis was guided by criteria such as usability, user engagement, effectiveness in symptom
management, and potential risks. Specific attention was given to the technological aspects, such as
the integration of machine learning, predictive analysis, and natural language processing [2]. The
results were carefully recorded, offering in-depth understanding of the advantages and constraints
of each instrument. An extensive evaluation was carried out to verify that the analysis was meticulous
and that the results were strongly supported by the data [12]. The research placed great importance
on ethical concerns. The significance of safeguarding data privacy and security was underscored,
especially in light of the delicate nature of mental health information. The tools were assessed based
on their adherence to data protection rules and their methods for guaranteeing user confidentiality
[46]. The ethical ramifications of using Al in mental health treatment were examined, including the
possible hazard of excessive dependence on technology and the significance of sustaining human
supervision in therapeutic settings [50]. To summarize, the approach used in this research enabled a
thorough and meticulous investigation of artificial intelligence (Al) applications in the field of mental
health. The research aims to provide significant insights into the existing and possible future roles of
Al in controlling anxiety and depression by examining recent breakthroughs and thoroughly
analyzing the practical and ethical consequences.
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3. Results of Overview
3.1. Natural Language Processing (NLP)

Artificial intelligence has the potential to significantly equalize the amount of work that a
physician has, allowing them to have more time to engage with patients, therefore enhancing the
standard of treatment. Psychiatrists dedicate a significant amount of time to perusing past records in
order to obtain a precise understanding of a patient’s medical background. Natural Language
Processing (NLP) is an artificial intelligence discipline that focuses on the analysis of human language
to extract significant information [88]. This algorithm has the potential to condense the crucial
information from a patient’s electronic health records, offering a succinct overview at the start of a
visit. Furthermore, when Al-powered speech and video analysis are integrated, it can enhance the
quality of advice by offering a concise overview of a patient’s mental condition. This can serve as a
valuable supplement to the psychiatrist’s mental status evaluation [51]. An algorithm with these
characteristics would be impartial and immune to inconsistencies across different clinical practices.

Natural Language Processing (NLP) may be used to examine the often-overlooked attributes of
healthcare practitioners and patients, as noted by Rowe and Chan [71]. This data enables the
examination of treatment adherence, evaluation of patient results, identification of treatment
elements, assessment of the therapeutic relationship, and measurement of suicide risk in a manner
that is transformative, generating anticipation and concern among participants [26]. Recently, NLP
has been utilized in mental health domains, such as social media and electronic health records [34].

3.2. Predictive Analysis

Predictive analysis refers to predictive models, i.e.,, computational models used to predict the
future trend, value, or state of a variable based on data from the past [60]. In the case of mental health,
these models can be used to predict the onset, course, or response to treatment of a mental health
disorder. Using artificial intelligence, they can analyze large data sets to identify patterns,
correlations, and factors that affect mental health. Prediction models based on artificial intelligence
devices use various types of data, including structural and functional imaging data of
neuropsychological data [1]. Furthermore, predictive models can help prevent relapse or manage
medication through reminders and monitoring patient compliance [47]. The widespread adoption
and integration of social media into everyday life provides another and, in many cases, much larger
data repository for developing predictive models to detect mental health disorders, using user-
generated data such as written posts, blogs, photos, and videos [3]. This wide range of data opens up
new possibilities for analyzing and predicting mental health using artificial intelligence.

3.3. AI Methodologies and Tools Utilized for Anxiety and Depression Management

Al tools for anxiety and depression encompass many technologies specifically developed to
evaluate, control, and address mental diseases. Examples of such technologies include chatbots and
virtual assistants, mood tracking applications, cognitive behavioral therapy (CBT) apps, and virtual
reality (VR) therapies [51]. Al-driven chatbots and virtual assistants utilize user engagement to
provide emotional support, education, and coping mechanisms for managing symptoms associated
with anxiety and depression [14]. These technologies employ natural language processing (NLP)
algorithms to comprehend user data and deliver suitable replies. Conversely, these applications track
users’ emotional condition, symptoms, factors, and actions associated with anxiety and depression.
Consequently, these insights offer valuable information on recurring patterns and long-term trends,
enabling users to make well-informed choices regarding their mental well-being [4]. However, Al-
driven CBT programs offer scientifically supported therapy approaches for anxiety and depression,
including cognitive restructuring, behavioral activation, and relaxation strategies. These applications
have the ability to include interactive activities, modules that may be completed independently, and
customized feedback depending on the user’s input and tracking of their progress [79]. Moreover,
VR-based therapies provide lifelike surroundings and scenarios to expose patients to stressful events
or teach them relaxation and coping skills in a controlled setting. Al algorithms have the ability to
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tailor the virtual reality experience in real-time by analyzing user emotions and physiological data.
This enhances the effectiveness of treatments and allows for a more personalized experience [9].

Al-powered algorithms evaluate physiological data obtained from mobile devices, including
heart rate variability, sleep patterns, activity levels, and speech patterns, to detect small changes that
may indicate symptoms of anxiety and sadness [58]. Digital biomarkers provide precise and unbiased
assessments of an individual’s mental health condition and their reaction to therapy, enabling
prompt intervention and tailored healthcare. By utilizing AI ML tools in these several domains,
mental health practitioners may enhance the precision of assessments, the efficacy of treatments, and
the involvement of patients in the management of anxiety and depression. The following table
compiles technologies that employ artificial intelligence to assist users in identifying and handling
symptoms associated with anxiety and depression. Later on, a subset of them will undergo more
comprehensive analysis in order to comprehend their purpose and influence.
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Table 1. This is a table. Compiles technologies that employ artificial intelligence to assist users in identifying and handling symptoms associated with anxiety and depression.

Woebot

Woebot is an Al-driven chatbot that assists individuals in managing their mental well-being through the application of cognitive-behavioral therapy
approaches. The application offers mood monitoring, daily assessments, and tailored dialogues. As the current leading application, Woebot is likely
to continue improving and expanding [28].

Wysa

Wysa is an Al chatbot that utilizes cognitive-behavioral therapy techniques to offer support for mental health. Its features include guided meditation,

mood tracking, and tailored conversations. Wysa is widely used by individuals seeking mental health support and has garnered positive reviews [39].

Youper

Youper exemplifies the integration of artificial intelligence (Al) into the realm of mental health care. As a health technology business, the firm aims to
ensure that mental health treatment is accessible and affordable for all individuals. Youper Al assistant interacts with individuals in meaningful
dialogues to assess their psychological condition and offers tailored remedies based on the gathered information. This groundbreaking approach
guarantees that people receive customized assistance, highlighting the transformative capacity of Al in revolutionizing mental healthcare [55].

Replika

Replika is an artificial intelligence chatbot that constructs a virtual representation of users by analyzing their personality traits. Its ultimate goal is to
help users cope with stress and improve their mental health. It is suitable for individuals who desire to engage in profound and contemplative
conversations with a companion. It offers users a safe space for self-reflection and emotional assistance, fostering meaningful connections and
understanding. Replika has emerged as a powerful tool for those seeking alternative methods to safeguard and improve their mental well-being [66].

Lifeline Ally

HATBOTS

A friendly chatbot that focuses on preventing and supporting depression [101].
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The Humorous Psychological Companion is a distinctive combination of a digital assistant and conversational partner, particularly created to aid

Psychological individuals who are dealing with depression or related emotional conditions. It serves not just as an Al chatbot, but also as a sympathetic, clever, and

Companion empathetic friend. The primary objective of this platform is to aid, motivation, and a cheerful conversation to mitigate emotions of sorrow or isolation
[106].

Elomia Elomia is an Al-powered virtual therapist who has been trained in thousands of consultations, offering quality advice and support. Users can discuss
their problems, ask questions, and get recommendations for mental health exercises. According to research, Elomia can help with anxiety,
depression, low self-esteem, loneliness, relationship issues, burnout, and sleep problems. Whenever users need someone to talk to or seek guidance,
Elomia listens, helps identify concerns and suggest solutions, helping to regain confidence and acceptance of emotions [70].

Tess Tess, on the other hand, is a mental health chatbot that provides treatment and support to people experiencing symptoms of depression and anxiety
[29].

Meru Health Meru Health is an artificial intelligence app that offers treatments for depression, anxiety, and stress. It provides personalized treatment regimens
that meet the specific needs of each user, as well as online counseling and guidance [107].

: Ginger Ginger is an on-demand mental health platform that provides counseling, support, and advice. It offers chat therapy, individualized care plans, and
L:) video sessions with licensed therapists [104].

&« Headspace

AP

Headspace, a mindfulness and meditation software, makes individualized recommendations using artificial intelligence algorithms. It offers daily
reminders, sleep sounds, and guided meditations to help users stick to their mental health goals [105].
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Breathhh

Breathhh is a Chrome plugin that uses artificial intelligence to deliver mental health workouts tailored to an individual’s online activities and
behavior. Through the surveillance and examination of user interactions, Breathhh is able to ascertain the optimal moments to introduce stress
alleviation methods and tactics. This innovative method blends artificial cognitive intelligence with the tangible assistance of mental health,
facilitating a smooth and effortless incorporation of self-care into users’ everyday schedules [102].

Sanvello

Sanvello is an app for mental wellbeing that tracks users’ moods and helps them understand their situation. It offers individualized mental health
care. It also provides basic principles through the use of ambient noise. Through a community where users may engage in conversations with others
facing similar problems, it also offers peer-to-peer help [15].

MindDoc

MindDoc provides a number of tools to help different facets of mental health, such as enhancing positive coping mechanisms, tracking your mood, or
monitoring your general well-being. Her area of expertise is understanding mental health issues like sleeplessness, eating disorders, anxiety, and
depression. It is simple to obtain helpful materials, exercises, and customized recommendations thanks to the user-friendly layout [109].

MoodMission

This program is designed to aid users in overcoming depression and anxiety by implementing evidence-based coping strategies. MoodMission
facilitates personal growth and self-empowerment by suggesting tailored assignments that correspond to the emotions and experiences expressed by
the user. By successfully completing missions, you will improve your understanding of your mental health and discover new techniques to efficiently
manage difficult tasks [10].

Ladder

Ladder is a health application that uses artificial intelligence to assist users in comprehending the correlation between their behaviors, emotions, and
their general state of well-being. The software’s most compelling attribute lies in its origin and purpose, since it was developed only by and for
individuals belonging to ethnic minority groups. This multifunctional device incorporates an exercise tracker to facilitate the development of
beneficial routines, while its cognitive journal promotes emotional mindfulness and introspection [103].

Kintsugi

Kintsugi employs an innovative method in the field of mental health treatment by utilizing cutting-edge voice biomarkers in speech analysis to
promptly detect, rank, and tackle mental health concerns as they arise. This API-centric platform readily interfaces with contact centers, telemedicine
systems, and remote patient monitoring apps, enabling enhanced accessibility to appropriate treatment as and when required. Through the
identification of small alterations in speech patterns and vocal indicators, it is capable of precisely evaluating an individual’s psychological condition
and guiding them towards the most suitable resources and assistance [106].

Calm

Calm has established itself as a highly regarded application for mental well-being, particularly for individuals grappling with anxiety and despair.
This application offers a range of powerful resources, including sleep tales, meditation, and other methods, to assist users in managing their mental
health difficulties. Users have the opportunity to investigate a range of characteristics that cater to their own requirements in order to enhance their
overall state of being [100].

Rootd

Rooted is a novel application that provides valuable assistance to individuals experiencing panic attacks and anxiety. The Rootr feature of the app
offers individuals a convenient way to manage stress and find immediate relief. Furthermore, Rootd provides a range of strategies, including
exercises, routines, and healthy diets, to effectively promote mental health improvement. By implementing these strategies and utilizing these
resources, users can gradually improve their capacity to manage stress and achieve a more harmonious lifestyle [116].
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MindShift

MindShift is a very helpful mental health tool that helps users properly control their anxiety by applying tried-and-true methods from Cognitive
Behavioral Therapy (CBT). In addition to encouraging the development of constructive thinking patterns and the adoption of preventative actions to
successfully manage stress-related difficulties, the program gives users the chance to practice mindfulness and relaxation. With MindShift’s
exquisitely simple interface and numerous adaptable options, users can effortlessly develop relaxing routines and enhance their mental health in
general [69].

Happify

Happify provides customers with interactive activities and games specifically intended to effectively alleviate stress and counteract negative thinking.
The software offers customized analytics derived from an individual’s mental health data, guaranteeing tailored assistance that caters to their distinct
requirements. Users may quickly access these activities and games at any time, allowing for seamless integration into their everyday routine. Happify
enhances happiness and mental well-being, thereby enhancing an individual’s entire quality of life through its creative method [123].

Deepwander

Deepwander is an Al-driven platform or tool created to enhance self-reflection and individual development. It involves participants in interactive
discussions intended at investigating their internal realm and directing them towards beneficial transformation. Deepwander utilizes a range of
psychological strategies, including Cognitive Behavioral strategies, Motivational Interviewing, Narrative Therapy, and Guided Visualization, to assist
users in altering negative thinking patterns, discovering motivation, restructuring their life narratives, and clarifying their objectives. In general,
Deepwander appears to offer a systematic method for introspection and individual growth [105].

MindwellAl is a mental health app designed to help users overcome stress. It combines science-based tools, Al-powered counseling, and a virtual
self-care partner named Joy [111].

Space of Mind

Space of Mind is an online trauma therapy and support group designed to provide affordable PTSD treatment. This Al-powered platform offers a
therapeutic space facilitated by a therapist where individuals can participate in anonymous group sessions to address their traumatic experiences and
work towards transformative therapy [120].

Moodpath

Moodpath is a mental health assessment tool that helps individuals understand their mental well-being through science-based questions and
assessments. It identifies early signs of depression, anxiety, and burnout, offering personalized diagnoses and access to support resources. Users get
insights into their mental health, trends, and tips, along with tailored action plans for long-term management. In addition, Moodpath offers
meditations, self-care tips, and personalized plans, making it a valuable resource for managing mental health [115].

MoodKit

MoodKit is a mobile app designed to help individuals manage their mood and create healthy emotional habits. Developed by psychologists, MoodKit
offers a variety of tools and resources based on the principles of cognitive behavioral therapy (CBT), a widely recognized and effective form of
treatment for mood disorders [10].

Samsung Health

Samsung Health is an all-encompassing health and wellness application created by Samsung Electronics. The purpose of this application is to assist
users in tracking and controlling several elements of their well-being and physical condition, such as exercise, nutrition, sleep, stress levels, and more.
The application provides functionalities such as step monitoring, exercise monitoring, calorie calculation, sleep monitoring, and tools for managing
stress [127].

MoodTools

WEARABLES

MoodTools is a mobile app designed to provide support and resources for people experiencing depression. It offers various tools and features that
help users effectively manage their mood and mental health [113].
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BioBase BioBase is a wearable device designed to monitor and analyze physiological signals in real time, providing information about a person’s stress levels,
energy, and overall well-being. It uses biometric sensors to monitor parameters such as heart rate variability (HRV), skin conductivity and
temperature, which are indicators of stress and arousal levels [45].

Spire Health Tag ~ The Spire Health Tag is a portable health device that monitors various aspects of well-being throughout the day. Small labels attach to your clothes
and track your activity levels, breathing patterns, stress levels, and sleep quality. Using advanced sensors, Spire Health Tag provides real-time
feedback and information about your daily habits and how they affect your overall health [128].

Moodmetric Moodmetric is a wearable device designed to monitor and manage stress levels in real time. It measures electrodermal activity (EDA), the electrical
activity of the skin caused by the activation of sweat glands, to provide information about stress and emotional arousal [122].

Fisher Wallace The Fisher Wallace Stimulator is a small device designed particularly to aid in the treatment of anxiety, depression, and insomnia. The procedure is

Stimulator applying gentle electrical stimulation to the brain using small electrodes placed on the forehead. The aim of this stimulation is to regulate the levels of

neurotransmitters, such as serotonin and cortisol, which are associated with mood and anxiety. Multiple users have claimed positive results, such as
reduced anxiety and improved mood, however individual outcomes may vary [125].
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Distribution of Mental Health Chatbots by Category
Al-Powered Virtual Therapists

Virtual Companions

Cognitive Behavioral Therapy (CBT) Chatbots

Al Mental Health Assistants

Figure 2. Distribution of mental health Chatbots.

Distribution of Mental Healt%grggiﬁtions b&/SCateng&%ps

Mental Health Assessment Tools erapy and'Suppo

Al-Driven Self-Reflection Platforms
Tools for Managing Mood and Emotional Habits

On-Demand Mental Health Platforms
Interactive Activities for Mental Well-being

Cognitive Behavioral Therapy (CBT) Tools
Mindfulness and Meditation Software

Panic Attack and Anxiety Management

Al-Powered Mental Health Workouts
Voice Biomarker Analysis

Mental Wellbeing Tracking Mental Health for Ethnic Minorities

Evidence-Based Coping Strategies
Figure 3. Distribution of mental health Applications.

Distribution of Wearable Devices by Category
Stress and Emotional Management Devices

Real-Time Physiological Monitoring Devices

Health and Wellness Applications

Mental Health Support Devices

Figure 4. Distribution of mental health Wearable Devices.
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3.3.1. Mobile Apps

The ratio of psychiatrists per inhabitant of the world is less than satisfactory. However, over 50%
of the world’s population now owns a smartphone [51]. Based on this data, many mobile applications
have been designed in recent years, which offer psychological support, breathing, and relaxation
exercises, while collecting useful data on the health and well-being of users. Moreover, wearables,
platforms, and mobile applications have integrated artificial intelligence technologies, hence creating
new opportunities for diagnosing and treating symptoms related to these conditions. Mobile
applications (apps) designed for mental health purposes have become readily available tools that
provide regular monitoring of mental well-being and assistance [36]. These applications provide a
convenient and often anonymous substitute for conventional medicinal methods.

Mobile applications that use artificial intelligence for mental health rely on many data sources
to provide personalized advice and assistance to their users. The inputs may consist of data provided
by users via stress and mood questionnaires, as well as data obtained from wearables or mobile
sensors that capture information such as heart rate, sleep habits, and activity levels. Applications that
gather and analyze this data have the ability to detect trends and symptoms that signify a higher
likelihood of experiencing anxiety or depression. Additionally, they may provide timely alerts or
recommendations for intervention [58]. These applications have diverse applications and users,
serving various purposes. They are utilized by individuals seeking self-help, medical professionals
as supplementary tools in treatment, and researchers studying their efficacy [35]. Users are granted
access to a diverse range of information and services, including regular monitoring of their mental
well-being, recommendations for self-care activities, availability of crisis management tools, and
participation in online support communities [16]. Medical providers may use apps to remotely
monitor their patients” development and offer them more personalized care [16]. Some examples of
these applications are Sanvello, MindDoc, MoodMission, Ladder, Kintsugi, Calm, Rooted, and
MindShift. Each of these programs provides users with a distinct range of features and methods to
help them with their daily routines.

Sanvello offers individuals personalized guidance and strategies to address feelings of
melancholy and anxiety via the use of mindfulness, relaxation, and cognitive behavioral therapy
(CBT). Users have the capability to regulate their mood and anxiety levels, enabling them to track
their progress and get prompt feedback and suggestions [15]. MindDoc’s main goal is to provide
consumers thorough evaluations of their mental well-being via daily quizzes and progress reports
[108]. Utilizing this application may assist users in gaining a deeper comprehension of the variables
that impact their mental well-being and identifying recurring trends in their emotional state.
Consequently, this facilitates the development of effective coping mechanisms for disorders such as
anxiety and depression [108].

Conversely, MoodMission recommends specific actions that users can take to alleviate their
symptoms of anxiety and depression. Each “mission” is customized to the user’s current emotions
and requirements, thereby facilitating the immediate alleviation of symptoms and the cultivation of
self-regulation abilities [110]. Ladder provides a structured program that assists users in establishing
and achieving self-improvement objectives, while also offering guidance and support. This method
assists users in integrating minor, daily modifications into their regimens, thereby enhancing their
overall mental health [113]. Kintsugi employs machine learning technologies to analyze audio data
of users’ voices and detect indicators of anxiety and depression [105]. This novel method of
monitoring enables the precise identification and monitoring of symptoms, thereby enabling users to
identify alterations in their mental health.

Calm emphasizes the promotion of stress reduction and relaxation through guided breathing
exercises, sleep sounds, and meditations. Users who are seeking tools to manage daily tension and
enhance their sleep quality will find this application to be especially beneficial [100]. Rootd’s panic
attack management system is comprehensive, offering users immediate strategies for managing panic
attacks and training in long-term anxiety management strategies [115]. Cognitive behavioral therapy
(CBT) and other psychological support techniques are employed by MindShift to assist users in
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altering anxiety-related thoughts and behaviors. Users have access to resources that can assist them
in the management of anxiety and the cultivation of healthy thought processes [98].

One of these apps is MoodKit, designed to help users experiencing depression. Based on
cognitive behavioral therapy, it offers a variety of tools to guide the sufferer by challenging
problematic thoughts and providing space to monitor symptoms. Finally, there is a calendar for users
to record important events or information for easy access in the future. Another app to regulate stress
levels is Samsung Health, which monitors heart rate, among other things. When the user is stressed,
they can select the guided deep breathing mode. In addition to these, there is “MoodTools”, an
application designed to help people suffering from depression. In essence, the application provides
access to useful videos that can have a positive impact on mood and behavior. MoodTools uses the
principles of cognitive behavioral therapy to allow users to record and study their thought patterns.
Very importantly, the application provides the ability to create a “suicide safety plan” to manage
suicidal thoughts and crises [111,114,123].

The ubiquity of these applications in daily life is amazing. Users may integrate the applications
into their daily regimen by regularly engaging with the app in the morning, tracking their emotional
state and stress levels throughout the day, and participating in guided relaxation or meditation
techniques in the evening. Thus, these applications integrate into everyday mental health treatment,
offering continuous assistance and augmenting self-awareness [56]. The outcomes of using these
applications are often favorable. Studies have shown that using artificial intelligence (AI) in the field
of mental health may effectively alleviate symptoms of sadness and anxiety, boost the quality of
sleep, and promote an overall feeling of well-being. Users have reported experiencing more support
and a greater sense of agency in managing their mental well-being. Nevertheless, there are obstacles
to overcome, such as the need to safeguard data confidentiality and prevent excessive dependence
on the applications [89]. Al applications for mental health have a substantial influence on the
everyday lives of its users. Users may enhance their quality of life by efficiently managing anxiety
and depression via simple access to mental health management resources and the integration of self-
care practices into their daily routine.

3.3.2. Chatbots

Internet-based cognitive behavioral treatment (iCBT) has been available since the 1990s,
although it is known for having a poor rate of adherence [80]. CBT chatbots, designed to emulate
regular chat interactions, can enhance emotional connection and deliver supplementary benefits. One
such platform is “Woebot”, which offers direct assistance to patients and members through chat,
along with extensive tools and information to optimize their treatment, improve the general health
of the population, and increase the efficiency of healthcare practitioners. Extensive study supports it,
and it has been utilized by 1.5 million individuals. This platform is specifically designed to target
those who may be on the periphery of conventional healthcare, aiding that goes beyond the confines
of regular clinical environments [28].

Youper is a virtual therapist that uses artificial intelligence to provide cognitive behavioral
therapy (CBT) using a smartphone app. Youper enables users to engage in Cognitive Behavioral
Therapy (CBT) sessions directly on their mobile devices, allowing them to specifically address and
manage symptoms associated with different mental health disorders, such as anxiety or depression.
The application utilizes artificial intelligence to tailor the therapy process, offering personalized
exercises, strategies, and concepts that are specifically designed to meet the particular requirements
and objectives of the user [55,121].

Tess, however, is a chatbot focused on mental health, namely providing therapy and support to
individuals who are exhibiting signs of despair and anxiety. “Tess” is an artificial intelligence
program that mimics human behavior and offers techniques for dealing with emotions shown by the
user [29]. Research data indicate that Tess has demonstrated a 28% reduction in depression and an
18% reduction in anxiety [120]. The most effective utilization of such a chatbot remains uncertain.
Virtual therapists who aid those with anxiety and depression are currently accessible in the market.
Extensive study has been conducted to assess their efficacy [89]. In addition to providing tailored
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therapeutic benefits, they also enhance accessibility by circumventing some stigmas associated with
mental illness.

3.3.3. Wearables and Biosignals

Technology has become a powerful ally in dealing with anxiety and managing the negative
emotions associated with depression. Wearables, also known as portable devices, are an example of
wearable computational models used by people to monitor their health and well-being [52]. These
devices are worn on various parts of the body, such as the wrist, hand, and neck, and have sensors
that continuously measure physiological signals, such as heartbeat, temperature, and galvanic skin
response [20].

The main features of wearables are the ability to connect to the internet for transmitting,
recording, or analyzing data, as well as the ability to connect to other electronic devices to expand
their functions. Today, wearables are widely used for health management, as they have intelligent
detection and communication capabilities [82]. In addition, research focuses on improving the
detection capabilities of wearables using machine learning algorithms, as well as designing
interventions such as deep breathing guidance. Among the wearable devices is BioBase, which
measures heart rate variability and other physiological parameters to assess stress, mood, and
emotional well-being [67]. It provides real-time feedback and personalized interventions to help users
manage symptoms of depression and anxiety. On the other hand, the “Spire Health Tag” helps
monitor the symptoms of depression. By monitoring changes in breathing and activity levels, it can
detect periods of increased stress or agitation, which may be associated with depressive episodes.
Finally, “Moodmetric” is a portable ring that measures electrodermal activity to assess stress and
emotional arousal. It provides information about everyday stressors and helps users identify triggers
for depressive symptoms, allowing them to take preventative measures to manage their mental
health [116,118,124].

Smartwatches have also emerged as popular wearable devices, known for their stress reduction
capabilities [36]. These devices usually monitor the user’s heart rate throughout the day, providing
information on stress levels, since stress and anxiety are often associated with increased heart rate.
Some smartwatches even provide built-in relaxation or breathing exercises to further aid users in
stress management. Alongside smartwatches, Fisher Wallace Labs has released portable brain
stimulation computing, which is reported to help reduce depressive symptoms. Their innovative
devices aim to treat depression, anxiety, and other neuro-psychiatric and cognitive disorders,
highlighting the potential of wearable computing in addressing mental health problems [121].

3.4. Virtual Reality (VR) Therapies

Virtual reality interventions have been found to assist individuals in managing anxiety and
depression by offering them secure settings to acquire coping mechanisms for circumstances, ideas,
or memories that trigger anxiety or dread. Virtual reality simulations enhance skill development
exercises and provide experience learning opportunities, allowing individuals to practice and
improve their communication, problem-solving, and coping abilities in virtual settings [74]. These
approaches encompass several techniques, including exposure therapy, mindfulness-based
therapies, cognitive behavioral therapy, biofeedback mechanisms, social support networks, and skills
development exercises [42]. Virtual reality exposure treatment enables patients to confront
challenging experiences in a regulated setting, promoting emotional resilience. Mindfulness-based
therapies offer intensive opportunities to practice relaxation methods and guided meditation, which
facilitate stress reduction and emotional regulation [9].

Furthermore, VR algorithms have the capability to replicate situations in order to trigger
maladaptive beliefs and actions, hence aiding in the process of cognitive restructuring [24]. By
incorporating biofeedback sensors into virtual reality (VR) systems, individuals are able to see and
control their physiological responses, therefore improving their self-awareness and ability to manage
stress [40]. Conversely, virtual support groups and their guided treatments (Social Support
Networks) in virtual reality (VR) settings provide chances for social bonding, shared encounters, and
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reciprocal assistance, therefore decreasing the sensations of seclusion and social disgrace linked to
mental disorders [65]. VR simulations offer secure and regulated settings for practicing coping skills,
problem-solving approaches, and effective communication tactics (Skill-Building Exercises).

3.5. Therapies Using Augmented Reality (AR)

Augmented reality (AR) is an emerging technology that combines virtual and actual worlds,
enhancing the impression of reality. Augmented reality (AR) facilitates the simultaneous recording
and interaction of actual and virtual items in a real-time environment. In recent times, there has been
a significant surge in the use of augmented reality (AR) technology in the field of medicine, along
with other supportive technologies, spanning from educational settings to clinical practice [61]. AR
treatments have gained an edge over conventional techniques due to their capacity to substantially
affect the real-world environment [42].

Augmented reality has shown itself to be a valuable tool in the mental health profession for
diagnosis, therapy, and management. This is mostly owing to its versatility and improved
availability. It may be conveniently transmitted via several devices, such as smartphones and tablets
[17]. The incorporation of this technology in mental health includes a broad spectrum of domains.
For instance, augmented reality (AR) has been used to effectively treat phobia exposure,
demonstrating comparable effectiveness and reduced rates of denial [87]. Furthermore, augmented
reality (AR) has been used to enhance overall physical and mental health by means of engaging video
games, physical activity, and educational initiatives. Nevertheless, although the use of AR shows
potential, there is a need for sufficient time to implement upgrades. The devices exhibit disparities in
both hardware and software, potentially influencing the outcomes of the investigation [62]. For the
successful execution of augmented reality (AR), a diverse team consisting of physicians, engineers,
and software developers is necessary [41]. In addition, investigations have shown the presence of
weariness and dizziness [53].

Multiple augmented reality (AR) apps have been created to enhance mental health. Happify AR
utilizes augmented reality technology to provide interactive and guided mindfulness and meditation
activities, aiding users in reducing stress and enhancing mental wellness [122]. Phobos AR is an app
aimed to treat people with phobias by allowing them to progressively expose themselves to their
fears, such as heights or insects, in a virtual yet realistic environment. This exposure helps them lessen
their anxiety levels [119]. Sanvello AR integrates augmented reality features into its platform,
providing customers with visual and interactive aids to effectively cope with anxiety and despair
[112]. In summary, these applications use augmented reality (AR) technology to provide creative
solutions that improve the efficacy of psychotherapy and self-help, resulting in immersive and
customized experiences for users.

3.6. LLMs in the Treatment of Anxiety and Depression

Sophisticated technologies that have the potential to significantly enhance the treatment of
mental health issues, including anxiety and depression, have been developed as a result of
advancements in artificial intelligence. This chapter review investigates the potential advantages and
disadvantages of large language models (LLMs) in the treatment of anxiety and depression in the
field of psychiatry and psychology. Large language models (LLMs) have been extensively employed
in the field of mental health care, with the primary objective of effectively managing disorders such
as anxiety and depression. These models, in conjunction with mobile health (mHealth) applications
and ubiquitous technology, offer innovative approaches to the diagnosis, monitoring, and treatment
of mental health disorders. This chapter offers a thorough examination of the most recent research
on the efficacy and function of LLMs in the treatment of anxiety and depression.

3.6.1. The Potential of Large Language Models

Language models like GPT-4, developed by OpenAl, have shown impressive abilities in natural
language processing. These capabilities can be utilised to enhance mental health care, as suggested
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by Obradovich et al. [63]. These models have been developed to comprehend and produce text that
resembles human language, making them well-suited for a range of applications in the field of
psychiatry and psychology. These applications include therapeutic chatbots, diagnostic tools, and
personalized treatment plans. LLMs have the potential to greatly improve access to mental health
care. The study conducted by Obradovich et al. [63] emphasizes the potential of LLMs in enhancing
data collection and developing novel therapeutic tools. This can greatly improve the accessibility of
mental health services, particularly in areas that lack sufficient resources. Therapeutic chatbots
powered by LLMs offer immediate support and resources to individuals dealing with anxiety or
depression. This has the potential to lessen the workload on mental health professionals and enhance
patient outcomes.

In their publication, Obradovich et al. [63] delve into the incorporation of LLMs into psychiatric
care, emphasizing their significant capacity for transformation. LLMs have the potential to improve
diagnostic accuracy, enable personalized care, and simplify administrative processes. They also
highlight the capabilities of LLMs, emphasizing their ability to process patient information,
streamline therapy sessions, and aid in complex diagnostic problem-solving. This capability has the
potential to greatly enhance the accuracy of diagnoses and speed up the delivery of appropriate
treatments for patients. Furthermore, LLMs possess the capability to identify patterns and trends in
patient data that may not be immediately obvious to human clinicians. The development of more
informed and effective treatment strategies can be a potential outcome of this. Nevertheless, the
authors highlight the difficulties, including computational requirements and ethical considerations,
that require the creation of practical frameworks to guarantee their secure implementation.

A study conducted by Kalisperakis et al. [43] delves into the utilisation of digital phenotypes
derived from smartwatches to forecast fluctuations in symptoms among individuals with psychotic
disorders. The study primarily examined psychosis, but its methodology and findings have
significant implications for the management of anxiety and depression. The study employed
smartwatches to gather ongoing biometric data, including heart rate variability and activity levels,
over an extended duration. The data was subsequently analysed using LLMs to forecast alterations
in the patients’ positive and negative symptoms. The study’s findings suggest a link between elevated
heart rate during wakefulness and sleep and heightened positive psychopathology. Conversely,
reduced heart rate variability appears to be connected to increased negative psychopathology [43].
This study explores the potential of digital phenotyping tools in tracking physiological signs of
anxiety and depression, which could have significant implications for the treatment of these diseases.
Regular monitoring and analysis can help identify early signs of worsening symptoms, allowing for
timely interventions and personalized adjustments to therapy.

The latest work by Stavrianos et al. [85] delves into the integration of speech emotion recognition
(SER) in homecare platforms. The significance of effective computing in improving patient care is
highlighted. This research provides a detailed description of the design and implementation of an
emotional recognition service, which is a crucial component of an all-inclusive electronic homecare
management system. The researchers assess various methods, such as machine learning and deep
learning algorithms, for voice analysis to showcase the precision of identifying and interpreting
patient emotions. Given the significant impact of emotional states on anxiety and depression, it is
crucial to effectively manage these disorders. Integrating Social and Emotional Robotics (SER) into
homecare systems allows healthcare personnel to continuously monitor the emotional well-being of
patients. This enables a prompt response to emotional discomfort and allows for adjustments in
treatment strategies, if needed.

Zlatintsi et al. [97] introduce the E-Prevention system, a sophisticated support tool developed
for the purpose of monitoring and preventing relapse in individuals diagnosed with psychotic
disorders. This system uses data from wearables and video captures to offer thorough monitoring
and analysis. The incorporation of multiple data sources highlights the significance of improving
tools for managing mental health. The study demonstrates the potential for enhancing the precision
and dependability of mental health interventions by integrating LLMs with other technologies [97].
Gallos et al. [30] investigate how mHealth technologies are used in metropolitan regions to improve
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public health and well-being. The paper emphasizes how important mHealth tools are for helping
people with mental health disorders like anxiety and sadness. These devices provide insightful
analysis of patients’ emotional and physical well-being as they gather location and health-related
information to track vital signs and physical activity. The integration of mobile health (mHealth) and
low-cost, low-maintenance (LLMs) devices exemplify a pragmatic method for improving mental
health care using technology [30].

In their study, Maglogiannis et al. [54] present a sophisticated cloud-based platform that has
been specifically developed to efficiently monitor individuals with psychotic disorders. This platform
utilises cloud computing to store and analyse data from wearable devices and home-based video
recordings. Utilising a cloud-based approach allows for efficient processing of large volumes of data,
facilitating real-time monitoring and analysis. Continuous surveillance and sophisticated data
analysis may provide significant observations about the patient’s state, allowing for timely
intervention and customized therapy. The potential advantages of LLMs in the management of
anxiety and depression are substantial, however, it is essential to acknowledge and tackle the
associated risks and difficulties. LLMs have a notable inclination to generate outcomes that are both
unexpected and non-deterministic, which is a significant concern to consider. Obradovich et al. [63]
performed research which found that LLMs have the capacity to provide replies that are factually
inaccurate or illogical. This might cause difficulties, especially in therapeutic environments where
precision is essential. For example, an LLM might possibly provide counsel that is unsuitable or
inaccurate, with substantial consequences for those experiencing anxiety or depression. Ensuring the
safety and effectiveness of LLM outcomes in mental health treatment requires prioritizing their
reliability and correctness.

3.6.2. Examining the Ethical Considerations and Potential Biases

When incorporating LLMs (Linguistic Language Models) in the field of psychiatry or
psychology, it is of utmost importance to give priority to ethical issues. Obradovich et al. [63]
emphasize the significance of using responsible AI methodologies to tackle possible hazards, such as
prejudice, privacy violations, and the reinforcement of stereotypes. LLMs undergo training using
large datasets that may have inherent biases, which might manifest in the outcomes they generate.
Addressing these prejudices and ensuring that LLMs provide treatment that is fair and unbiased is
crucial for maintaining the integrity of mental health services.

Concerns have arisen about the integration of LLMs into therapeutic practice, particularly with
potential dependence and the need for human supervision. Obradovich et al. [63] performed a recent
study that elucidated the potential hazards of excessive reliance on artificial intelligence by
practitioners. This excessive dependence has the capacity to hinder their own understanding and
discernment, posing a significant risk. In order to guarantee the safety of patients, it is necessary for
human professionals to constantly monitor and intervene in any unforeseen actions performed by
LLMs. Establishing protocols for human oversight and intervention is crucial in order to ensure the
appropriate use of Language and Learning Models (LLMs) in the field of psychiatry.

3.6.3. Prospects for the Future and Suggestions for Improvement

Further investigation and experimentation are required to fully use the capabilities of LLMs in
the treatment of anxiety and depression. Several crucial aspects need attention. The analyzed research
highlights the substantial influence of LLMs in alleviating anxiety and depression. The authors
provide information that supports the benefits of digital phenotyping, enhanced monitoring systems,
mHealth apps, and cloud-based platforms. However, there are still significant challenges that must
be addressed, such as ensuring data privacy, addressing computational demands, and establishing
ethical principles. It is important to focus on resolving these problems via more research in order to
maximize the benefits of LLMs in the realm of mental health treatment.

Ensuring the reliability and accuracy of LLM outcomes is crucial for their safe integration into
mental health treatment. This entails enhancing training datasets, implementing rigorous validation
processes, and devising techniques to detect and correct faulty outputs. Enhancing the dependability
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of LLMs may enhance their usefulness as tools for both doctors and patients. Ensuring that LLMs
adhere to ethical standards and safeguard patient privacy is of utmost importance. The methodology
entails creating structures to ensure the ethical deployment of Al, recognizing and reducing biases in
training data, and establishing robust privacy protections. Obradovich et al. propose the use of the
Biological-Psychological, Economic, and Social (BPES) model as a comprehensive framework to
ensure the ethical and secure implementation of artificial intelligence in the field of mental health
therapy [63].

The integration of diverse data sources, including physiological signals captured by wearable
devices and emotional cues extracted from speech, has the capacity to enhance the effectiveness of
LLMs in addressing anxiety and depression. The research undertaken by Kalisperakis et al. [43],
Stavrianos et al. [85], and Zlatintsi et al. [97] emphasizes the need of using various data sources to get
a thorough understanding of people’s mental well-being. Additional research should focus on
creating integrated systems that use diverse data sources to improve the range and personalization
of healthcare. To successfully use LLMs in the area of psychiatry, it is essential to promote
multidisciplinary cooperation among Al researchers, clinicians, ethicists, and policymakers. Through
collaboration, we can guarantee that the creation and execution of LLMs are directed by the
knowledge and skills of medical professionals, ethical factors, and regulatory criteria. By fostering a
collaborative mentality, the mental health sector may effectively harness the benefits of artificial
intelligence while simultaneously mitigating any possible hazards.

The use of expansive language models in the realm of mental health care has significant promise
in enhancing the treatment of anxiety and depression. LLMs may increase access to healthcare, boost
diagnosis accuracy, and allow personalized therapy by using their sophisticated natural language
processing capabilities. However, the use of these technologies poses substantial hazards, including
their unexpected characteristics, ethical concerns, and the need for robust human oversight. To fully
use the advantages of LLMs in the area of psychiatry, future research should focus on enhancing the
dependability of models, addressing ethical and privacy concerns, integrating multimodal data, and
fostering multidisciplinary cooperation. To overcome these challenges, the mental health sector may
use Al technology to improve the quality and accessibility of treatment for patients struggling with
anxiety and despair.

3.6.4. Enhancing the Accuracy and Efficiency of Psychiatric and Psychological Care

The integration of artificial intelligence (AI) into the field of mental health has opened new
avenues for the detection, diagnosis, and treatment of anxiety and depression. Particularly, large
language models (LLMs) and multimodal approaches have shown promise in. This comprehensive
review explores the current landscape of LLMs in managing anxiety and depression, drawing
insights from recent research studies.

Squires et al. conducted a comprehensive assessment on the use of deep learning and machine
learning in psychiatry, focusing mostly on depression [83]. The study emphasizes the transformative
potential of artificial intelligence (AI) in revolutionizing the diagnosis and treatment of mental health
conditions. According to the experts, deep learning algorithms have the ability to analyze large
amounts of data and identify complex patterns that may provide a more advanced understanding of
mood disorders. Several challenges, including patient privacy issues, the complexity of
understanding the models, and their incompatibility with existing healthcare infrastructure, have
hindered their extensive use in clinical settings [83].

Xie et al. examined the potential of using multimodal data fusion in their study on anxiety and
depression [94]. Their paper proposes a model that combines Convolutional Neural Networks
(CNNs) and Long Short-Term Memory (LSTM) networks to integrate various types of input,
including text, audio, and physiological signals. This approach provides a comprehensive assessment
of the patient’s mental well-being by integrating the advantages of many modalities, hence enhancing
the precision of diagnosis. Xie et al. found that multimodal fusion is much more successful than
standard single-modality techniques in clinical diagnosis [94].
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To get a comprehensive understanding of emotional analytics using multimodal big data, refer
to the work of Shoumy et al. [78]. Affective computing systems may enhance their ability to recognize
and react to emotional states by incorporating text, auditory, visual, and physiological data. To
enhance the development of Al systems for mental health, it is crucial to use a multimodal approach.
This technique enables a comprehensive and precise understanding of patients’ emotions and
behaviours. Shoumy et al. suggest that these systems have the capacity to fundamentally
revolutionize emotional computing and its applications in mental health therapy [78]. Xiao et al. and
Zhang et al. performed thorough evaluations of the progress and use of large language models
(LLMs) in the domains of mental health and other medical disciplines [93,95]. Xiao et al. examine the
ability of LLMs to evaluate and understand medical literature, with the goal of improving clinical
decision-making and patient care [93]. Xiao et al. suggest that the use of LLMs capable of analyzing
multimodal data might enhance patient assessments, making them more thorough and extensive
[93].

Zhang et al. explore recent advancements in multimodal large language models (MM-LLMs)
that integrate both visual and textual information to enhance the performance of the models [95]. The
authors highlight the potential use of MM-LLMs in healthcare environments, namely for the
purposes of diagnosis and treatment planning. The integration of multiple data sources with MM-
LLMs may provide crucial and contextually relevant insights for tackling complex disorders like
anxiety and depression [95]. Chen et al. examine the efficacy of several tuning procedures for LLMs
in the field of medical multimodal analysis [19]. The specific challenges posed by medical data
include high dimensionality and heterogeneity. Their research focuses on optimizing LLMs to
effectively address these concerns. The result validates prior discoveries that tailored tuning
strategies significantly improve LLM performance, making them more appropriate for use in clinical
settings [19]. In the realm of mental health, where timely and accurate identification is crucial, this
has particular significance [19]. Wu et al. propose LoRA-SP, a simple method for adjusting partial
parameters to optimize LLMs [92]. The objective of this method is to enhance resource efficiency
while maintaining model performance. According to Wu et al., the authors demonstrate that LoRA-
SP has the potential to enhance the practicality of LLMs in healthcare by decreasing processing
expenses and improving scalability [92].

Wang et al. thoroughly examine the reasoning abilities of multimodal large language models in
their comprehensive study [91]. To enhance the accuracy and depth of their analysis, researchers
explore the incorporation and utilization of various types of data, such as text, images, and audio,
inside these models. This study focuses on recent advancements in multimodal cognition and their
potential applications in addressing mental health conditions, such as depression and anxiety. The
authors argue that enhancing the reasoning abilities of LLMs is crucial for developing more efficient
and reliable Al systems in the field of healthcare [91].

Shajari et al. analyze the emergence of wearable sensors fueled by artificial intelligence in the
field of digital health technologies in their 2023 evaluation [77]. These sensors can monitor
physiological data in real-time to assess mental health disorders. The authors assert that the
combination of artificial intelligence and wearable technology has potential for advancing early
diagnosis and personalized treatment of depression and anxiety. The constant collection and analysis
of data facilitated by these sensors may enable more preventive and proactive mental health therapy
[77]. Spitzer et al. and Vallée discuss the concept of digital twins in the field of precision mental health
[84,90]. Digital twins are virtual replicas of patients that use real-time data to simulate and predict
health consequences. Spitzer et al. emphasize the capacity of digital twins to enhance precision
mental health by customizing therapy plans and monitoring individuals” advancements [84]. Digital
twins have the capacity to revolutionize mental health care by enabling more accurate and
customized treatments, as elaborated by Vallée, who provides a deeper exploration of the role and
actuality of digital twins in personalized medicine [90].

The 2019 Global Burden of Disease Study (GBD 2019 Mental disorders Collaborators)
incorporates a comprehensive assessment of the worldwide effects of mental illnesses [31]. The study
demonstrates that mental health conditions, such as anxiety and depression, have a significant impact
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on global health. The 2019 report by the Mental disorders Collaborators emphasizes the need to find
efficient and adaptable solutions, such as Al and LLMs, to address the growing burden of mental
disorders [31].
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4. Evaluation of Al Tools—Case Studies
4.1. Quantitative Evaluation

Multiple studies have been undertaken to determine the effectiveness of apps, virtual therapists,
wearable devices, and virtual reality therapies in controlling and reducing symptoms of anxiety and
depression. In relation to MoodKit, a 30-day trial including 226 individuals revealed a noteworthy
decrease in depression, however, there was no significant impact on anxiety [2]. Separate research,
with 159 participants from around 200 nations, discovered that MoodTools has the ability to
overcome obstacles associated with conventional psychotherapy. Furthermore, the usage of the
software did not result in any decline in their mental well-being [86]. It may be inferred that these


https://doi.org/10.20944/preprints202408.0881.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 August 2024 doi:10.20944/preprints202408.0881.v1

21

applications have the potential to increase access to health and wellness services or activities, hence
enhancing users’ everyday life.

The study conducted by Narziev et al. revealed that the Gear S3 Frontier smartwatch, a wearable
device, was able to detect subjective data such as mood, physical activity, and sleep. This data was
then used to classify individuals into different categories of depression. The study also found a strong
correlation between the depression scores reported by the participants and the data collected by the
smartwatch [59]. Conversely, a 4-week observational research with 55 healthy people found that the
BioBase program effectively decreased anxiety and improved their mental well-being. The
participants said that they found the application to be user-friendly, with 70% indicating that they
would suggest it to a friend. The results indicate that BioBase might be a successful intervention for
managing stress and enhancing general well-being, especially for individuals with elevated stress
levels [45].

Simultaneously, two studies were done to assess the efficacy of the “Spire Health Tag” in
monitoring respiratory rate and its use in managing anxiety, stress, and other related psychological
problems. The initial study showcased the efficacy of utilizing the method to monitor and regulate
anxiety and stress levels in people suffering from persistent pain [6]. The second trial found that
participants had a decrease in both stress and anxiety following the intervention [82].

Positive outcomes have been observed from research conducted on the “Woebot” chatbot. A
total of 70 individuals who got assistance for symptoms of anxiety and depression took part in the
initial survey. The study conducted by Karkosz et al. found that participants had a noteworthy
decrease in symptoms associated with sadness and anxiety [44]. A further study conducted by
Fitzpatrick et al. revealed that Woebot effectively alleviated symptoms of sadness and anxiety among
college students over a period of two-week sessions [28]. The Youper received a favorable rating from
4517 consumers, who utilized it for a duration of 4 weeks. The app led to a reduction in symptoms of
anxiety and sadness within the initial 2 weeks of usage, and these improvements were sustained until
the end of the trial [55]. A recent study conducted by Balcombe and de Leo has demonstrated that
the chatbot “Tess” is highly helpful in reducing feelings of anxiety in subjects [11]. Finally, with
relation to Virtual mental health therapy, the study examined its efficacy in addressing stress and
anxiety. The research had 61 individuals, who saw substantial decreases in anxiety (34%) and stress
(32%). The results indicate that utilizing virtual treatment in the metaverse is both possible and
secure, and it is linked to quantifiable enhancements in mental health results [65]. In general, the
efficacy of online services for mental health treatment has been proven, and there is increasing
evidence supporting the effectiveness of mental health treatment and support provided through
mobile applications [27]. Both the general public and professionals have shown increasing interest in
these services [75]. Nevertheless, digital mental health services are typically not included in
healthcare systems, despite their potential to have a significant effect.

4.2. Practical Impact of Al Tools on Users” Daily Lives

The widespread availability and use of artificial intelligence tools has brought about a number
of changes in the daily lives of users. Many people can now choose the right tool for them and in time
use it to improve their mental health. One of the main advantages of these tools is their accessibility
and easy use [76]. Chatbots and apps provide users with instant access to support resources,
regardless of time and location. Users can leverage these tools discreetly and anonymously, thus
overcoming barriers related to stigma and reluctance to seek help. Research has shown that Al-based
interventions offer effective symptom relief and can enhance users’ sense of empowerment and self-
efficacy in managing mental health challenges [37]. Furthermore, Al tools leverage advanced
algorithms to personalize interventions based on users’ unique needs and preferences. Through
machine learning techniques, these tools can analyze vast amounts of data to tailor interventions to
individual user profiles. For example, wearable devices such as smartwatches monitor physiological
signals such as heart rate variability and sleep patterns to provide personalized information about
users’ stress levels and emotional well-being [3]. By offering personalized recommendations and
adaptive feedback, Al tools facilitate a more differentiated and targeted approach to managing
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anxiety and depression. Therefore, even unconsciously, the user can carry out his daily tasks,
receiving recordings of his emotions and body functions, for future management. This data can then
be used by a professional to support the diagnosis and treatment process. Al apps and tools
essentially help both users and health professionals [99].

In addition, the use of artificial intelligence tools may be a first step in symptom management or
prevention. The user understands himself better and adopts positive practices and exercises that
improve his daily life [76]. In other words, he learns to take care of himself. At the same time, the use
of such tools democratizes access to health since users can use services and receive personalized
guidance at low cost. The same applies to people living in remote areas, whose access to health
facilities is demanding. Using artificial intelligence tools, people with symptoms of anxiety and
depression can contact trained chatbots or healthcare professionals, sending the data from the app in
real time for an initial assessment and immediate support [70].

However, despite their potential benefits, Al tools also present some limitations and challenges.
One notable concern is the lack of human interaction and empathy inherent in automated
interventions. While chatbots and apps can simulate conversations and provide support, they may
lack the depth of understanding and emotional resonance that human therapists offer. Research
shows that the quality of therapeutic alliance and relationship is crucial in mental health
interventions, and the absence of genuine human connection can limit the effectiveness of Al-based
approaches [39]. Beyond that, it is possible that people with anxiety and depression disorders will
postpone visiting a specialist or substitute health services for those of apps. Despite the benefits these
tools can offer, their potential to replace critical and synthetic thinking or the empathy that a human
and professional can offer has not yet been proven. Finally, the user may underestimate his
symptomatology based on the evaluation of the application, resulting in not receiving any treatment
in time [8]. Overall, users should use such applications and tools as an adjunct and not equate them
with the diagnosis and treatment that a professional would offer.

4.3. Accessibility

While smartphones and internet connectivity have grown globally, some demographic groups
still face barriers such as socioeconomic status, geographic location and age. The digital divide,
characterized by inequalities in access to technology, remains a critical factor affecting the
effectiveness of mental health services. Many people do not have the necessary knowledge or skills
to use psychological applications effectively, while others may face barriers to access due to limited
knowledge or access to the internet. Ensuring inclusivity and addressing the digital divide is
paramount to maximizing the effectiveness of computational models in mental health advocacy [32].
Moreover, the use of artificial intelligence can bring about an increase in accessibility by addressing
some of the social stigma associated with mental illness. For example, virtual therapists may avoid
this stigma as they are not influenced by social constructs and thus, are more likely to respond
impartially. In addition, artificial intelligence can enable personalization of care through more
granular analysis of large amounts of data, helping to predict response to treatment and potential
side effects from various medications. This will reduce the need to conduct multiple drug tests [51].
In any case, however, parameters such as the cost of acquiring an application or device, its
availability, as well as its functionality should be considered.

4.4. User Experience

When using virtual reality interventions remotely, ensuring user support and easy navigation is
essential. Clear instructions, user-friendly interfaces and technical assistance can improve the user
experience and address potential challenges. However, further research is needed to optimize these
interventions to treat anxiety and depression in various populations and settings [55]. Some apps
already have evidence, such as Youper, which has been described as user-friendly, benefiting older
people in psychiatric outpatient clinics by providing care, companionship and relieving loneliness,
especially during the pandemic [21]. It is also important to note that applications that use artificial
intelligence to personalize treatment, offering customized exercises and techniques, do not serve all
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people. While some users may feel empowered, others may find the technology overwhelming or
intrusive, underscoring the importance of thorough research [33]. Future research should explore
enhancing the functionality of chatbots for personalized mental health support and integrating them
into traditional health services.

5. Discussion, Challenges and Limitations

Utilizing computers, such as online services and mobile applications, in mental health services
can enhance clinical treatment and alleviate strain on the mental health system [57]. Although they
are very successful, they are typically not included in healthcare systems owing to inadequate
planning and a lack of collaboration. This is a result of inadequate communication and a lack of
collaboration among parties. Effective use of technology in mental health advocacy necessitates
teamwork and consistency across several domains [7]. An important constraint is the lack of
integration between clinical science and computer science since clinical researchers have difficulties
in keeping pace with the rapid progress in natural language processing (NLP) [42]. Gaining a
comprehensive and efficient advocacy plan involves recognizing how modern technologies enhance
conventional methods, thereby capitalizing on the advantages of both ways [42]. Due to the delicate
nature of mental health information, it is necessary to give considerable thought to privacy and data
protection. Users utilizing digital mental health services must have assurance that their personal
information is properly managed, since compromising confidentiality might undermine trust and
discourage individuals from seeking assistance [46]. Furthermore, it is important to consider cultural
characteristics since they have a significant impact on the perspective and approach towards mental
health. In order to provide a more comprehensive and efficient approach, technology projects aimed
at promoting mental health should consider and tailor to cultural variations [117]. However, artificial
intelligence encounters difficulties in accurately identifying emotions in the context of a human
doctor, since it lacks a complete awareness of emotional nuances and the importance of human
empathy and comprehension. The research gap in this issue is characterized by a lack of precise data
about the efficacy of technologies in this domain [120].

6. Conclusions and Future Orientations

The use of ML tools into mental health advocacy has introduced a new period of opportunities,
providing inventive methods to tackle the intricate issues related to raising awareness, diminishing
stigma, and providing support for mental health. Nevertheless, the efficacy of technology in this
domain relies on several aspects that determine the implementation, extent, and influence of digital
instruments. Comprehending these characteristics is crucial for mental health advocates,
technologists, and legislators to fully harness the potential of computational models in furthering
mental health advocacy endeavors. First, the proliferation of technological instruments in the realm
of mental health might result in a substantial decrease in the proportion of individuals suffering from
mental diseases. The accessibility of digital tools, such as applications and websites, together with
the anonymity they offer, has the potential to alleviate the negative perception associated with mental
illness and promote a greater willingness among individuals to seek assistance. Digital technologies
can serve as a valuable adjunct for mental health providers. By furnishing them with data and
insights obtained from users’” use of these technologies, they may enhance their comprehension of
patients and deliver more efficient and customized treatment.

Moreover, the use of technology solutions might alleviate the burden on healthcare facilities. By
providing consumers with digital tools, they may independently handle some of their issues,
therefore saving time and resources to focus on more critical matters. While these algorithms tools
offer several benefits, there are also legitimate concerns regarding data security and privacy.
Moreover, over dependence on these technologies might result in a reduction of users’” independence
and self-consciousness, as well as the deterioration of intricate human experiences into quantifiable
metrics and algorithms. The widespread use of artificial intelligence systems gives rise to ethical and
privacy concerns. These devices frequently gather and retain user data, which may include sensitive
information pertaining to their mental well-being. There are apprehensions regarding the security of
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data, the preservation of secrecy, and the possible exploitation of personal information by other
entities. Ultimately, the use of AI technologies might unintentionally lead to the deterioration of
intricate human experiences, transforming them into quantifiable measurements and mathematical
formulas.

Al solutions possess the capacity to profoundly influence users’ day-to-day existence in terms
of managing anxiety and despair. Due to their accessibility, customisation, and efficacy, these tools
are highly beneficial for those in need of assistance and direction. Nevertheless, it is crucial to
acknowledge the constraints and moral ramifications linked to these technologies. In the future, it is
essential to adopt a well-rounded strategy that combines Al technologies with care that focuses on
human needs. This approach is necessary to fully utilize the advantages of Al while minimizing any
possible drawbacks.

Treatment benefits for mental health, anxiety and depression can be enhanced through the use
of Large Language Models (LLMs). This cutting-edge technology has the potential to revolutionise
the field of mental health by enhancing diagnosis, monitoring, and therapy. Language models based
on GPT-4 have the potential to enhance patient access, customization, and support in therapy. LLMs’
natural language comprehension greatly benefits therapeutic chatbots and diagnostic tools. These
models have a remarkable ability to mimic human writing, making them incredibly valuable for
providing fast support to individuals experiencing anxiety and depression. LLMs have the potential
to improve patient outcomes by reducing the workload of mental health practitioners and offering
prompt therapy. LLMs are highly effective in providing personalised treatment. These models could
potentially provide remote and timely assistance, which could greatly benefit individuals seeking
mental health care. Addressing the increasing global mental health burden is of utmost importance.

Implementing LLM in mental health treatment can be quite challenging. The computational
burden of these models could potentially hinder their widespread use. In order to maintain trust and
effectiveness, it is crucial that LLMs are used in an ethical manner. It is crucial for LLMs to tackle
issues of privacy, prejudice, and preconceptions in order to ensure equality. Ensuring safety and
reliability is crucial. The unpredictability of the LLM outputs stems from their nondeterminism.
Accuracy and reliability are crucial in therapeutic settings, where a misdiagnosis or incorrect
instruction could have devastating consequences. It is crucial for humans to closely monitor and
intervene in the accidental activities of LLMs in order to ensure that Al enhances human judgement.
Extensive research on training datasets and thorough validation methodologies are necessary to
enhance the reliability of LLM. It is crucial to identify and rectify any inaccurate conclusions. Effective
implementation of LLM (Language Model) in mental health treatment necessitates the establishment
of ethical frameworks to govern Al usage, minimise bias, and safeguard patient privacy. LLMs have
the potential to revolutionise mental health treatment, but there are several obstacles and ethical
issues that need to be addressed. The potential of Al to enhance anxiety and depression treatment
lies in its ability to enhance reliability, integrate multiple data sources, and foster collaboration across
different disciplines.

Specifically, more investigation is required to enhance the dependability of these apps and
transform them into valuable instruments for both users and healthcare practitioners. Ensuring the
protection of personal data is equally crucial. Further investigation is required about the security
mechanisms provided by the apps now available in the market for safeguarding sensitive
information. Ultimately, it is essential to conduct a more comprehensive assessment of the
applications and chatbots that are said to treat symptoms associated with sadness and anxiety.
Mental diseases are intricate combinations of distinct symptoms that often occur together
(comorbidity). The presence of major problems arises when an app fails to provide sufficient
diagnostic or help. Further research is required to evaluate these characteristics comprehensively and
to educate users about the efficacy of apps.
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